The previous century witnessed remarkable advances in the science and technology of flight. We were so successful, that many now view us as masters of the aerospace domain and the supporting science and technology are mature or even sunset. Nothing could be further from the truth. There are many game changing aerospace system concepts within our collective reach as we begin our journey into the second century of flight.
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Abstract:
Over the last ten years, key technological needs in growth areas such as semiconductor manufacturing, nanotechnology and biotechnology have motivated extensive research on analysis and control of complex distributed processes. Examples include film spatial uniformity and microstructure control in the chemical vapor deposition of thin films, temperature profile control in the Czochralski crystallization of high-purity crystals, as well as control of size distribution in the crystallization of proteins and the aerosol-based production of nanoparticles. From a control point of view, the distinguishing feature of complex distributed processes is that they give rise to nonlinear control problems that involve the regulation of highly distributed control variables by using a finite number of spatially-distributed control actuators and measurement sensors. Thus, complex distributed processes cannot be effectively controlled with control methods which assume that the state, manipulated and to-be-controlled variables exhibit lumped behavior or with linear control algorithms derived on the basis of linear/linearized distributed models.
We have developed a general and practical framework for the synthesis of practically implementable nonlinear feedback controllers for complex distributed processes based on fundamental models that accurately predict their behavior. The key difficulty in developing model-based control methods for distributed processes lies in the infinite-dimensional nature of the process models, which prohibits their direct use for control system synthesis. We have developed nonlinear order reduction techniques for deriving low-dimensional approximations that accurately reproduce the dynamics and solutions of distributed process models. We have used these approximate models for the synthesis of nonlinear feedback controllers via geometric, predictive and Lyapunov-based control methods. The controllers can be readily implemented in practice and enforce the desired control objectives in the infinite-dimensional closed-loop system. We will present applications of the theoretical results to: a) temperature profile control in rapid thermal chemical vapor deposition and crystal growth, b) control of microstructure and composition in thin film growth including an experimental implementation, and c) control of size distribution in crystallization.
